One-hundred-ninety-two weanling pigs from two separate trials, (initial weight 6.0 and 5.6 kg) and 400 growing-finishing pigs (initial weight 17 kg) were fed normal and high lysine corn diets containing four levels of lysine in a 2 • 4 factorial arrangement. Crossbred (Large White • Landrace x Duroc) pigs were used in all experiments. The objectives of the experiments were to (1) compare normal and high lysine corn when fed at different lysine levels, (2) determine the lysine requirements for the three stages of growth and (3) evaluate the effect of protein level on the lysine requirement. All diets were balanced on a lysine basis. The results indicated that both weanling and growingfinishing pig performance and final carcass composition were similar for pigs fed normal or high lysine corn diets balanced on a lysine basis. Weanling pigs from 5 to 14 kg required at least 1.10% lysine. Based on changes in body weight gain and feed efficiency, the lysine requirement of growing pigs (17 to 54 kg) was .70%, and that of finishing pigs (54 to 101 kg) was .50%. However, based on lean tissue growth rate (as reflected by longissimus muscle area and percentage of lean in the carcass) the requirement was at least . 
THE NUTRITIONAL VALUE OF NORMAL AND HIGH LYSINE CORNS FOR WEANLING AND GROWING-FINISHING SWINE WHEN
One-hundred-ninety-two weanling pigs from two separate trials, (initial weight 6.0 and 5.6 kg) and 400 growing-finishing pigs (initial weight 17 kg) were fed normal and high lysine corn diets containing four levels of lysine in a 2 • 4 factorial arrangement. Crossbred (Large White • Landrace x Duroc) pigs were used in all experiments. The objectives of the experiments were to (1) compare normal and high lysine corn when fed at different lysine levels, (2) determine the lysine requirements for the three stages of growth and (3) evaluate the effect of protein level on the lysine requirement. All diets were balanced on a lysine basis. The results indicated that both weanling and growingfinishing pig performance and final carcass composition were similar for pigs fed normal or high lysine corn diets balanced on a lysine basis. Weanling pigs from 5 to 14 kg required at least 1.10% lysine. Based on changes in body weight gain and feed efficiency, the lysine requirement of growing pigs (17 to 54 kg) was .70%, and that of finishing pigs (54 to 101 kg) was .50%. However, based on lean tissue growth rate (as reflected by longissimus muscle area and percentage of lean in the carcass) the requirement was at least .75% during the growing stage
Introduction
Since the incorporation of the opaque-2 gene into corn hybrids (Mertz et al., 1964; Nelson et al., 1965; Nelson, 1966) , numerous authors have reported that high lysine corn containing the opaque-2 gene is nutritionally superior to normal corn. These results have been observed with both weanling pigs (Drews et al., 1969; Wahlstrom et al., 1977) and growing and finishing pigs (Pickett, 1966; Cromwell et al., 1967; Gallo et al., 1968; Cromwell et al., 1969; Jensen et al., 1969; Sihombing et al., 1969; Gilster and Wahlstrom, 1970; Pick and Meade, 1970; Gipp and Cline, 1972; Marroquin et al., 1973; Veum et al., 1973) .
Yields of high lysine corn have commonly been lower than their normal hybrid counterparts (Brown, 1975) . Recently, however, improvements in yield have spurred renewed interest in high lysine corn usage. Information on both the nutritional value of the higheryielding varieties and the performance of swine fed high lysine corn at various dietary lysine levels is limited.
There are data that suggest that decreases in dietary protein may reduce the lysine requirement of swine when all other amino acids are adequate (Klay, 1964a,b; Baker et al., 1975; Lunchick et al., 1978; Easter and Baker, 1980) . These data were obtained in experiments using diets containing crystalline lysine, and may therefore be confounded by differences in availability of lysine from different sources.
The objectives of the present research were to (1) compare the performance of weanling and growing-finishing pigs fed diets composed of normal and high lysine corn containing four different lysine levels, (2) determine lysine requirements for the weanling (6 to 14 kg), growing (17 to 54 kg) and finishing (54 to 101 kg) stages and (3) evaluate the effect of different protein levels, between normal and high lysine corn diets, on the lysine requirement.
Experimental Procedure
Exp. 1. A total of 192 crossbred pigs, averaging 3 wk of age, were allotted in two separate trials (A and B) on the basis of sex and weight outcome groups to eight dietary treatments. The treatments were arranged factorially; two corn types (normal and high lysine) and four lysine levels (.80, .95, 1.10 and 1.25%). Treatments 1 through 4 were composed of normal corn and soybean meal and treatments 5 through 8 were composed of high lysine corn and soybean meal. The normal corn was purchased commercially from a local source. The high lysine corn was from different sources in each trial and was grown during the 1982 season. All diets were balanced according to the analyzed lysine content of the dietary ingredients (corns and soybean meal) with no protein restriction; consequently the diets were not isonitrogenous. The compositions of the diets fed in trial A are presented in table 1; diets fed in trial B were similar. The diets were calculated to meet NRC (1979) requirements for all nutrients other than protein and lysine.
Weanling pigs (average initial weights were 6.0 and 5.6 kg for trials A and B, respectively) were housed in an environmentally controlled nursery with continuous artificial light, and were fed a complex starter diet containing 20% protein for 2 d before the start of the experiment. There were four pigs/pen (two barrows and two gilts) and three pens/treatment. Pigs were allowed ad libitum access to feed and water during the 28-d experiments. Feed intakes and pig weights were recorded weekly.
Diets and diet ingredients were analyzed for crude protein, Ca and P (AOAC, 1980) and amino acids. Amino acid analysis was by ion s Dionex, Sunnyvale, CA. ~Technicon ion exchange resin (C4), Technicon Corp., Tarrytown, NY. exchange chromatography using an amino acid analyzer 6, with a cation exchange resin 7 and o-phthalaldehyde as the derivatization reagent (Benson and Hare, 1975) . Tryptophan analysis was by the autoanalyzer procedure of Lewis et al. (1976) after alkaline hydrolysis.
Dietary ingredients were analyzed before formulation of the diets. The composition of the ingredients is shown in table 2, and the protein and lysine contents of the diets are presented in table 3. The analyzed lysine contents of the diets were lower than expected in some diets. In particular, in trial A the lysine analyses of some of the high lysine corn diets (treatments 5 to 8) were lower than anticipated from the analysis of the ingredients (high lysine corn and soybean meal). The experimental design was based on the analyses of the ingredients, and therefore results are discussed on that basis. However, because of the differences in diet analyses between trials, the data from the two trials were not combined.
Blood samples were collected at the end of both trials between 1300 and 1400 h by vena cava puncture using 20-gauge needles. Samples were collected in 10-ml evacuated, bloodcollection tubes containing sodium heparin. Plasma was separated by centrifugation at 1,116 x g for 15 min at 0 C. Individual samples were analyzed for plasma urea using the autoanalyzer procedure described by Marsh et al. (1965) . One milliliter of plasma from each pig was pooled to make a group sample for each pen. The pooled plasma samples were deproteinized for lysine analysis using a 15% solution of sulfosalicylic acid added to the plasma as described by Mondino et al. (1972) . The protein precipitate was separated by centrifugation at 1,116 • g for 10 min at 0 C. All samples were frozen until analyzed. Plasma lysine concentrations were determined using the same ion exchange chromatography procedure described for the analysis of diets and diet ingredients. All analyses were performed on duplicate samples. and high lysine corn varieties (Crow's 688 s and SL-75 s, respectively) were grown during the 1981 season by the Department of Agronomy at the University of Nebraska-Lincoln on both irrigated and nonirrigated land. Yield checks before harvest resulted in similar yields for both corn types without irrigation and slightly lower yields for high lysine corn compared with normal corn with irrigation. Both corn types were processed using a roller mill to minimize dust and keep particle size similar. Samples of diet ingredients and diets were analyzed by the same methods described for Exp. access to feed and water. The pigs were weighed and feed consumption recorded biweekly. A change from grower to finisher diets was made when the average weight of the pigs was 54 kg. Each replication was terminated when the average pig weight within the replication was approximately 100 kg.
Upon termination, pigs were shipped to a commercial slaughterhouse. Carcass data were collected from pigs in the first three replications of the experiment (24 pens). Pigs that weighed 90 kg or less were not used for the carcass data. Backfat measurements were made perpendicular to the chine opposite the first rib, last rib and last lumbar vertebra. The mean of these measurements was adjusted to a constant hot carcass weight. Length was measured from the anterior edge of the first rib to the anterior edge of the aitch bone. Loins were separated from the rest of the carcass and split between the 10th and 11th ribs to determine the size of the longissimus muscle. Area was determined by a compensating polar planimeter and was adjusted to a constant hot carcass weight. Both adjustments, adjusted longissimus muscle area (ALMA) and adjusted average backfat (AABF) were made by using average hot carcass weight as a covariable (details of the adjustment methods are provided in footnotes to table 11). Percentage of lean was calculated using the following equation (Fahey et al., 1977) : Statistical Methods. Data from both experiments were analyzed by analysis of variance procedures for a randomized complete-block design and a factorial arrangement of treatments, and calculated by the Statistical Analysis System (SAS, 1979) . The main effect of lysine level was divided into single-degree-of-freedom orthogonal regression contrasts (Steel and Torrie, 1980) .
Results
Exp. 1. The performance data for trials A and B are presented in tables 5 and 6, respectively. Plasma urea and lysine concentrations for both trials are presented in table 7.
In trial A, average daily gain (ADG) increased and feed/gain (F/G) decreased with increasing levels of dietary lysine (linear, P<.001; quadratic, P<.01). In addition, average daily feed intake (ADFI) also increased in response to increased lysine (linear, P<.05; quadratic, P<.10). The main effect of corn type was not significant for any of the criteria. Pigs fed high lysine corn gained more weight and were more efficient at 1.25% lysine than pigs fed normal corn. The reverse was true at .80% lysine. This difference in performance between corn types caused a corn type x lysine level linear interaction for ADG (P<.10) and F/G (P<.05).
Results of trial B indicate that ADG, ADFI and F/G all increased (significant linear and quadratic effects) as lysine level increased. In agreement with trial A, there were no significant main effects for corn type. There was a corn type • lysine level linear interaction (P<.01) for F/G.
Plasma urea concentrations of pigs in trial A increased linearly (P<.001) and quadratically (P<.05) with increases in dietary lysine. In addition, urea concentrations were somewhat higher (P<.10) in pigs fed normal corn than those fed high lysine corn diets. In trial B, plasma urea concentrations also increased in response to lysine level (P<.05), but there were no differences (P>.70) due to corn type. Plasma lysine concentrations of pigs in trial A increased linearly (P<.001) and cubically (P<.05) as dietary lysine increased. Plasma lysine was higher for pigs fed high lysine corn (P<.05), and there was a corn type • lysine level interaction (P<.10). In trial B plasma lysine concentrations also increased linearly (P<.001) as dietary lysine increased. There was a tendency for plasma lysine concentrations to be higher in pigs fed high lysine corn than in pigs fed normal corn (P>.39).
Exp. 2. Performance results are divided into
growing, finishing and overall phases and are presented in tables 8, 9 and 10, respectively. Consistently throughout the experiment there were no differences between corn types when averaged over all lysine levels for ADG, ADFI and F/G.
Results of the growing phase indicate that ADG and F/G improved (P<.001) as dietary lysine level increased. The main effect of lysine was not significant for ADFI. There was evidence of corn type • lysine level interactions for each of the three criteria (P<.05 to P<.10). The average effect of lysine level for all criteria showed that performance was improved with each increment of lysine.
In the finishing phase there was less response to dietary lysine level. Nevertheless, increasing lysine levels resulted in improvements in ADG (linear, P<.05) and F/G (quadratic, P<.10). There were trends (P<.10) indicating corn type • lysine level interactions for ADG and ADFI.
When growing and finishing phases were combined, increasing the lysine level improved ADG (linear, P<.001) and F/G (linear, P<.001; quadratic, P<.01), but did not affect (P>.13) ADFI. The interactions between corn type and lysine level noted in both individual phases also appeared as quadratic interactions for ADG.
Carcass composition data from 220 pigs are presented in table 11. A sex effect was evident for all criteria. Gilts had lighter weight carcasses (74.5 vs 78.4 kg), less adjusted backfat .~ o carcass weight, ALMA and percentage lean and decreased AABF thickness. An effect, hard to explain, occurred with carcass length. Pigs fed high lysine corn had slightly shorter (approximately 1 cm) carcasses than pigs fed normal corn (P<.01).
Discussion
Effect of Corn Type. A consistent finding throughout this research was the lack of a significant main effect for corn type on ADG, ADFI and F/G. Although there was some evidence of corn type • lysine level interactions, particularly for F/G, in general the data demonstrate than when diets are formulated to contain the same lysine levels, inclusion of either normal corn or high lysine corn will result in similar pig performance. Gipp and Cline (1972) , Ekstrom and Mahan (1976) and Mahan (1983) have also found that performance of pigs fed normal and high lysine corn-soybean meal diets was equal when diets were balanced on a lysine basis. In addition, Cromwell et al. (1969) and Gilster and Wahlstrom (1970) reported similar ADG and F/G for pigs fed normal corn and high lysine corn diets with 2 to 4% less soybean meal than normal corn diets (approximately equal lysine consumption). In contrast, high lysine corn diets have resulted in superior performance when diets were not formulated on an equal lysine basis between corn types (Drews et al., 1969; Sihombing et al., 1969; Marroquin et al., 1973) .
Studies of lysine availability using rats (Klein et al., 1972) , pigs (Pick and Meade, 1970) or rats and pigs (Rivera et al., 1978a,b) have reported equal or higher lysine availability for high lysine corn than for normal corn.
With the exception of carcass length, corn type did not affect carcass characteristics. The small reduction in carcass length in pigs fed high lysine corn is probably of little biological significance. Cunningham et al. (1973) found shorter carcasses from boars fed a 10% protein, high lysine corn diet than from boars fed a 14% protein, normal corn-soybean meal diet, but not with barrows or gilts. The lack of difference between corn types for all other carcass criteria is in agreement with data reported by Veum et al. (1973) and Volz et al. (1975) .
Corn type had little effect on plasma urea or lysine concentrations of the pigs in Exp. 1. The only difference (P<.05) between corn types was that plasma lysine concentrations of pigs in trial A were higher for pigs fed high lysine corn than for pigs fed normal corn. This was despite the fact that the analyzed dietary lysine values tended to be lower in the high lysine corn diets (table 3) . In trial B, where analyzed lysine values were similar for the two corn types, there was no consistent effect of corn type on plasma lysine concentrations. There were no interactions (P<.05) between corn type and lysine level on plasma urea or lysine concentrations.
Previous results have been mixed regarding the effect of corn type on plasma metabolites. Neither Veum et al. (1973) nor Volz et al. (1975) found any differences in plasma amino acid concentrations between corn types, when the diets contained amino acid supplements. In contrast, Cromwell et al. (1967) found higher plasma lysine concentrations in pigs fed opaque-2 corn than pigs fed normal corn and a nitrogen source.
Effect of Lysine Level. Lysine level affected pig performance in all trials. This was anticipated because the diets were formulated to range from deficient to excessive levels of lysine according to NRC (1979) requirements. In trial A of Exp. 1, weight gain and feed efficiency of pigs fed normal corn were maximized at 1.10% lysine whereas weight gain and feed efficiency of pigs fed high lysine corn were maximized at 1.25% lysine, resulting in corn type • lysine interactions. These apparent interactions may have been because the differences between lysine contents based on ingredient analyses and diet analyses were greater for the high lysine corn diets than the normal corn diets (table 3) . Results of trial B, Exp. 1 were similar to trial A except that there was less evidence of an interaction and little improvement in weight gain for either corn types when lysine was increased above 1.10%. There was an improvement in F/G for both corn types when lysine was increased to 1.25%.
Plasma urea and lysine concentrations were affected by dietary lysine content in both trials A and B. The general increase in plasma urea concentration with increasing lysine level probably reflects the increase in protein contents of the diets (table 3) and provides little information about lysine requirements. On the other hand, the sharp increases in plasma lysine in both trials between .95 and 1.10% lysine indicate that the requirement was not met until this point.
Considered together, the overall data from Exp. 1 (trials A and B) indicate a lysine requirement of approximately 1.10%. This is higher than the current NRC (1979) recommendation (.95%) but similar to data reported previously by us (Lewis et al., 1980) and by others (Aherne and Nielsen, 1983; Rosell and Zimmerman, 1984) .
The data of the growing phase of Exp. 2 (17 to 54 kg) indicate a lysine requirement of approximately .70%. This is similar to the recommendation of the NRC (1979), which lists a requirement of .70% for pigs from 20 to 35 kg, and .61% from 35 to 60 kg. During the finishing phase (54 to 101 kg), weight gain and feed efficiency were maximized at approximately .50% lysine, which is somewhat lower than the NRC requirement of .57% lysine for pigs from 60 to 100 kg. Carcass traits were generally improved up to the highest lysine sequence (.75% grower; .60% finisher). Previous researchers have also reported that carcass traits respond to a higher dietary lysine level than ADG and F/G (Cahilly et al., 1963; Vipperman et al., 1963; Brown et al., 1973a,b) .
Effect of Protein Level on Lysine Requirement. There has been much interest in recent years on the effect of dietary protein level on the lysine requirements of swine. Klay (1964b) reported that the amount of L-lysine,HC1 required for maximum gain, Y, of 30-kg pigs increased from .63 to 1.11% lysine when the dietary protein, X, increased from 10.23 to 25.98% (the regression equation was Y = .303X + .31). Schuler et al. (1976) reported that the lysine requirement, Y (dry matter basis), varied as a function of dietary protein, X, by the following equation: Y = .071X -.28. Easter and Baker (1980) suggested that the lysine requirement can be reduced by .02% for each 1% reduction in dietary protein level when crystalline lysine replaces a portion of the soybean meal in typical diets for growingfinishing swine.
One of the purposes of the present experiment was to examine whether the approximately 2% reduction in protein levels caused by replacing normal corn by high lysine corn affected the lysine requirement. An approach to answering this question is presented in figure  1 . The figure illustrates the relationship between ADG and average lysine intake for each 2-w k interval for both Exp. 1 and 2. Linear and quadratic regressions were fitted through these data for each of the two Corn types. The regression lines for each corn type were similar; their slopes were not different (P>.45). The two quadratic regression lines are illustrated in figure 1. It is clear that ADG was dependent on lysine intake, but that at a similar lysine intake ADG was independent of corn type even though there were differences in protein level between corn type (1.5 to 2.0% less protein in the high lysine corn diets). Apparently in these experiments differences in protein level of up to 2% did not affect the amount of lysine required by the pigs. A similar relationship between lysine intake (g/d) and ADG was presented by the ARC (1981) in which they summarized the results of 19 experiments with growing pigs (15 to 50 kg). The ADG appeared to be dependent on lysine intake and relatively independent of dietary protein level.
In conclusion, in these experiments, diets based on normal or high lysine corn and formulated on an cqual-lysine-basis produced essentially the same growth performance in weanling pigs, and the same growth rate and carcass quality in growing-finishing pigs. On the basis of changes in weight gain and feed efficiency, the lysine requirement, of weanling pigs was found to be higher, the requirement of growing pigs was similar, and the requirement of finishing pigs was lower than the NRC recommendations. The relationship between dietary protein and lysine level did not appear to be large enough to cause any significant changes in growth performance or carcass quality. The lysine requirement of weanling and growing-finishing pigs was not affected by a 2% reduction in dietary protein level.
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